Among the various theories that have been put forward in recent times to account for optical illusions, one of the best known is the theory of depth processing. This approach has recently been elaborated by Tausch (1954) and Gregory (1963 Gregory ( , 1964 Gregory ( , 1965 , and has been called"inappropriate constancy scaling" (Gregory, 1963) . The basic notion of the theory is that illusions represent flat projections of three-dimensional objects that are common to everyday visual experience, and that the visual illusions resemble the perspective distortions of the retinal projections of objects and contours in three-dimensional space. Assuming a mechanism of perceptual constancy" scaling" that responds directly to such visual features, the perceived visual distortions resulting from illusion figures can be ascribed to the same mechanism that contribute to visual constancy.
In this connection, Gregory (1963) distinguishes between primary and secondary constancy scaling. Primary constancy scaling is determined by perspective or other features normally associated with distance in the three-dimensional world, and does not necessarily implicate perceived distance. Thus, distortions of visual illusions occur in spite of the fact that the elements of such illusions are seen to occur in a single plane.
Secondary constancy scaling, according to Gregory, implies an involvement of apparent distance. The size of an object is determined at least in part by its perceived distance. An example of the effectiveness of secondary constancy scaling, according to Gregory, is the variable perceived size of a visual after-image when projected onto surfaces at different actual (and therefore perceived) distances. Secondary constancy scaling is clearly ruled out in the visual illusions, where sufficient cues are present to indicate that the elements of the illusion The constancy scaling theory has been subjected to repeated experimental attack (Humphrey & Morgan, 1965; Gillam, 1973; Fisher, 1968; Robinson, 1968; Brown & Houssiadas, 1964) . Although there are a number of theoretical issues yet to be clarified, at least three experimental conditions have been reported in which the postulates of the constancy scaling theory cannot be applied to explain the experimental results. It is therefore not surprising that a variation of the constancy scaling theory, the"general constancy theory",has also been proposed (Day, 1972) . According to this position, "any stimulus which serves to maintain perceptual constancy of a property of an object as the visual representation of that property varies will, when independently manipulated with the retinal image not varied, produce an illusion" (Day, 1972 (Day, , p. 1340 . This theory has the advantage of being stated in a more general form and is, therefore, less dependent upon the specifics of linear perspective as a cue to visual distance. Of particular interest here are several demonstrations which show that visual size comparisons can produce illusory distortions of perceived size (cf. also Massaro & Anderson, 1971) without the involvement of perspective-like figures.
Alternative theories of the illusions have been investigated by many authors. Among those that have received recent experimental attention are the eye-movement, the contrast and the judgmental theory. According to the eye-movement theory, the apparent length of lines is determined by the extent of effort of eye movements required to scan their physical length (Brandt, 1944) . The relation between the eye movements and apparent length has been confirmed by Yarbus (1967) . However, the theory itself has been disconfirmed in experiments in which it was shown that certain illusions occur even under conditions of retinal image stabilization (Pritchard, 1958; Yarbus, 1967) or when the illusion-producing figures were exposed for brief periods so as to preclude eye movements (Lewis, 1902) .
The contrast theory as applied to visual illusions has been expressed in at least two different forms which are analogous to usages with reference to brightness contrast (cf. Freeman, 1967) . The first usage, made explicit by Helmholtz, was that"in all perceptions of the senses distinctly perceptible differences appear to be larger than differences of the same objective sizes which are only vaguely perceived" (Southall, 1962, III, p. 192) . This principle was used by Helmholtz to account for, among other things, the Oppel-Kundt filled-space illusion, and has been applied in the investigation of Miner's illusion by Benussi (1902) , of the concentric circles illusion by Oyama (1962; Oyama & Akatsuka, 1962) and of a variation of the Ponzo illusion by Fisher (1969) .
The contrast theory is more frequently defined in the sense used by von Kries which, in modern terms, states that the appearance of a single element may be displaced away from the appearance of another spatially (or temporally) proximal element along a given continuum (von Kries, 1962, p. 239; Humphrey, 1971) . This principle has been opposed to another, related principle, which is variously called confluence (Muller-Lyer, 1896; von Kries, 1962; Virsu, 1967) or assimilation (Morinaga, 1935) , according to which elements that lie adjacent to each other on a given continuum appear more similar than their physical differences would predict.
Finally, the judgmental theory suggests that illusory effects can be attributable to variations in the judgmental attitudes of the observer under different observing conditions. For example, Morinaga (1958) has found a paradoxical displacement in illusion figures like those of Ponzo, Hering and Muller-Lyer when judgments were carried out in different ways. The Hering illusion may be cited as an example: When the parallel lines ( proposed by Morinaga (1958). ever, when the parallel lines were replaced by three pairs of dots separated by equal distances (Fig. 1c) , the direction of the illusion was reversed. Morinaga concluded that the difference in the results was attributable to the different kinds of judgments used, which was called"dimensions of judgment":
In Fig. la and lb, the"direction"of lines was judged, while in Fig. lc the"distance"between the pairs of dots were judged. Presumably different perceptual mechanisms underly the two types of judgments.
In the investigations reported below, two groups of illusion figures were chosen so as to enable an experimental evaluation of the contrast, constancy scaling, and judgmental theories of illusions. The background or"inducing"elements of the figures were derived from the Ponzo illusion and a gradient pattern introduced by Gibson (1950) . The test and comparison figures (lines and circles) were also chosen to maximize the power of the experimental procedures among the various theories mentioned 3.
EXPERIMENT Method
Subjects. Two groups of seven university undergraduates (3 men and 4 women) from an introductory psychology course at Pennsylvania State University served as subjects. All showed normal visual acuity (better than 18/20) with both far and near vision as determined with a Titmus optical vision tester.
Stimulus figures. Nine figures were used altogether. Five of them were variations of the Ponzo illusion (Fig. 2a, b, c, d and Fig. 3 ) and four were representations of the gradient (Fig. 4a, b, c, d ). (Fig. 2a, b, c, d and 3 ), the other with the gradient figures (Fig. 4a, b, c, d ). The order of the figures was randomized across Ss. The instructions required Ss to judge whether the longer line (larger circle) was at the top or the bottom."Same"answers were not permitted.
The staircase method was used to determine the sequence of comparison-stimulus size (Cornsweet, 1962) . The procedure was continued until 6 determinations of apparent equality between the standard and variable stimulus sizes had been determined for each subject and stimulus condition. (Fig.  2a, b, c, d ) are shown for individual subjects in the first four columns of Table 1 . The largest illusion was obtained in the standard condition (horizontal test lines; Fig. 2a ). In this condition the upper horizontal line was overestimated by 12.4%. An intermediate amount of illusion (about 4% in each case) was obtained when the diagonal lines and the circles were used as test figures (Fig. 2c  and 2d, respectively) . The illusion using vertical lines as test figures (Fig. 2b) was insignificant.
The results of a statistical comparison of all possible pairs of the Ponzo figures are shown in Table 2 . The horizontal test lines produced a significantly larger illusion than any other test condition. Both the diagonal lines and the circles yielded a stronger illusion than the vertical lines, but were not significantly dif- Statistical comparisons for all possible pairs of figures using the gradient background are shown in Table 2 . The illusion with the vertical test lines was significantly greater than any other condition. All other comparisons yielded significant differences except between the circles and the diagonal lines (Ryan's test).
Converging lines. In this test (Fig. 3) , the expectation according to the constancy scaling theory would suggest that the upper lines should appear significantly greater than the lower lines, at least to the extent that they appear farther away (secondary constancy scaling). In fact, the upper lines appeared significantly shorter (negative illusion) than the lower lines when compared to the control condition using parallel lines (t=3.57, p<.05; two-tailed test).
DISCUSSION
The results of these experiments provide strong evidence in favor of an explanation of illusions that is inconsistent with the constancy scaling theory. The constancy scaling theory suggests that the upper here should be seen significantly larger than the lower figure of the pair. The expected results were, however, not obtained in the critical tests involving Fig.  2b and 4a , and the outcome of the test using Fig. 3 was significantly in the wrong direction.
The theory of inappropriate constancy scaling would also have to predict that no significant differences would be obtained among the variations of the teststimulus conditions within Fig. 2 Similarly it is possible to derive predictions from the contrast theory which are only in part consistent with the results obtained in this experiment. According to contrast theory (von Kries, 1962) and its variations (e.g. Day, 1972) one would expect that the upper test figures would appear larger than the lower ones in all conditions in which an appropriate visual comparison is possible. These conditions would include Figs. 2a, c, d and Figs. 4b, c, d, but not 2b, 4a , and 3. However, there is no reason to expect differences in the amount of illusion between the conditions of Fig. 2a, 2c , and 2d or the conditions of Fig. 4b, 4c , and 4d. Since substantial differences were obtained between the results using Fig. 2a on the one hand and Fig. 2c and 2d on the other, as well as between Fig. 4b versus Fig. 4c and 4d , the involvement of other judgmental variables in the discrimination task is suggested. Morinaga (1958) has alluded to the danger of overapplication of the concept of size contrast without consideration of judgmental dimensions involved in the discrimination concerned. In our experiment, size contrast can affect only the horizontal component of the test figures in Fig. 2c and 2d , and the vertical cornponent of the test figures in Fig. 4c and 4d. Since diagonal lines and circles can be divided into both horizontal and vertical components, only one of the two possible components in the judgmental task can be affected by the illusion-producing elements of figures.
We conclude therefore that the illusion obtained with the circle and diagonal lines represents a pooling of two judgmental effects involved in the comparison of the two figures. First, the two test figures are compared directly with each other, as in the control conditions used in this experiment, as far as the vertical component (height) in Fig. 2c and 2d and the horizontal component (width) in Fig. 4c and 4d are concerned. Without the influence of the illusion-producing components of the figure, this comparison is relatively accurate. Secondly, each of the two test jacent elements of the illusion-producing components of the figure, producing a strong illusion through size contrast for the horizontal component of all relevant test figures in Fig. 2 and the vertical component of the relevant test figures in Fig. 4 .
In the conditions of Fig. 2b and 4a, the conditions favorable to contrast are lacking while the conditions for teststimulus comparison are excellent. In the conditions of Fig. 2a and 4b , the conditions for contrast are nearly optimal while the conditions for the test-stimulus comparison are no more favorable than in Fig. 2b and 4a. In the other four conditions the conditions of contrast and test-stimulus comparison are both favorable so that an intermediate result is obtained.
Finally, consistent with the results of Gillam (1973), we found that the illusion using the appropriate form of the Ponzo significantly greater than the illusion using the appropriate form of the gradient figure (t=3.42, df=12, p<.01; two tailed test. Fig. 4b ). This suggests that gradient perspective itself is a weaker determinant of apparent size than linear perspective conparison with size (Leibowitz, Brislin, Perlmutter & Hennessy, 1969) and slant (Freeman, 1969; Gillam, 1968) . In general, we conclude that an appropriate theoretical interpretation of the magnitude of illusions must include a consideration of the judgmental disposition of the observer (Morinaga, 1958) . When the test components of an illusion figure are presented without the illusion-producing elements (corresponding to reduction conditions in a size-or shape-constancy experiment), retinal-image size of the test and comparison figures will determine the observer's responses. When the background includes elements relevant to the illusory effect, and the judgment of the observer is based on these elements, an illusion will occur.
Of particular interest is the fact that size comparisons in the figures we used produced an illusory effect only when the contrast-producing comparisons were along the same dimension. Thus, vertical lines in the Ponzo figure and the horizontal lines on the gradient figure result in"retinal image matching"because the test figures cannot be judged on the same figural dimensions as the illusion-producing elements. This finding provides a viable alternative to the inappropriate constancy scaling hypothesis and a useful specification of a contrast explanation of visual illusions.
